INTRODUCTION
Since anoxemia is so frequent a manifestation of many medical conditions, and particularly since in some of these abnormal states its severity may make it a prominent feature of the malady, it is of some interest and importance to inquire in how far it may affect various bodily functions. Is anoxemia to be considered merely a symptom, relatively unimportant in itself, except in indicating that the process which causes it may be a severe one; or is it to be viewed in the light of a symptom which, by virtue of its own effects, may have a serious influence on the course of the underlying condition? It is needless to point out that an impaired oxygen supply may have harmful effects on certain physiological acti'vities, the general nature of which has been sufficiently emphasized by Haldane (1919) and Barcroft (1920) .
Concerning the inuence of anoxemia on the heart not a great deal is definitely known. I do not propose to enter into a detailed review of all the literature bearing on the changes in the heart produced by anoxemia, but shall confine myself particuarly to the work which is directly related to the problem of the effect of anoxemia on auriculoventricular conduction.' Lewis and Mathison (1910-i ) first proved 1 In this paper, I shall use the term "conduction" only to express the transmission of an impulse from the auricles to the ventricles, without reference to the hypothetical function "conductivity," or to the mechanism by which alterations in the transmission time are brought about. 93 that following asphyxiation depression of auriculo-ventricular conduction took place, ultimately advancing to the degree of complete heart block. Since these events occurred after the complete removal of vagal tone, they were ascribed to a direct effect on the myocardium, and Mathison (1910-11) showed that this result was not caused by the accumulation of carbon dioxide, but rather by lack of oxygen. Later, Mathison (1910) found that the administration of a high concentration of carbon dioxide might bring about a certain degree of auriculo-ventricular block, apparently slight. More recently, Greene and Gilbert (1922) observed the effect of a more slowly induced progressive anoxemia, produced by the method of re-breathing and maintained until the animal died usually within a period of 15 to 18 minutes. Carbon dioxide was continually absorbed in the apparatus which they used, and was thus eliminated as a possible factor in the causation of the changes which took place in the cardiac mechanism. Up to a certain critical period, usually when respiration failed, there were practically no changes in the heart except slight quickening of rate and reduction of the P-R interval. Following the "crisis" however, certain alterations in the rhythm of the heart (including conduction defects) did take place, these changes occurring as a result of central stimulation of the vagus nerves by anoxemia. It was only three to five minutes after respirations had ceased and just before the death of the animal that Greene and Gilbert were able to detect a direct action on the heart by anoxemia. Essentially the same phenomena had been noted previously by Haggard (1921) On the basis of the observations of Greene and Gilbert, then, one might infer that even a severe degree of anoxemia had relatively little influence on the myocardium. It seemed, however. that a more accuirate idea of the effect of anoxemia on the heart muscle might be acquired if one subjected an animal to a degree of anoxemia, insufficient 94 to bring about its death, but maintained over a longer period of time. In this way, conditions would simulate more closely those prevailing in the ordinary clinical cases, in which a moderate or severe grade of anoxemia may be present for a comparatively long time. It was possible that the duration of time in which anoxemia was present might be a factor of some importance in determining the effect on the heart muscle. Moreover, it was conceivable that if one increased the rate of the heart during anoxemia, one might bring out a change which was latent in the naturally beating heart. Erlanger and Hirschfelder (1905) and Lewis and Oppenheimer (1910-11) have shown that when auriculo-ventricular conduction was already impaired, an increase in the heart rate exaggerated the degree of block between the auricles and ventricles.
EXPERIMENTAL METHODS Dogs, averaging between 10 to 15 kg. in weight were anesthetized by the subcutaneous administration of pantopon, 5.5 to 6.0 mgm. per kilogram, followed within 15 minutes by giving 1 gm. urethane per kilogram by stomach tube. A steady and satisfactory anesthesia was produced, the animal remaining quiet and in good condition for as long as five hours, the longest period over which the experiments were carried out. Both vagus nerves were tied; in addition, in all but a few of the experiments full doses of atropine, usually 2 to 5 mgm., were injected intravenously every 15 to 20 minutes. No differences were noted between those animals which received atropine, and those that did not. After the insertion of a cannula in the trachea, artificial respiration was started, using intratracheal insufflation. Usually the pressure distending the lungs was 20 to 30 mm. mercury. After ligating the internal mammary arteries, the sternum was split in the midline, the sides being retracted by weights. In most of the experiments the pericardium was opened and stitched to the sides of the chest wall, and in these electrocardiographic records of the heart were taken from electrodes placed directly on the auricle. The electrodes were small glass tubes filled with a saturated solution of copper sulphate, the ends of the tubes being plugged with a paste of kaolin in normal saline solution. In other experiments, in which the pericardium was unopened, records were taken by lead II, small german silver electrodes being either sewn under the skin or held in position by bandages soaked in saline.
Anoxemia, always of the anoxic type, was produced by administering suitable mixtures of oxygen and nitrogen. Thick-walled rubber tubing leading from high pressure gas tanks fitted with reducing valves were connected to glass tubes inserted through a rubber stopper in a glass flask. The ends of the glass tubes were placed just beneath a layer of water, the gases bubbling through the water before being forced out of a side tube leading to the intratracheal catheter. Connected 95 with each rubber tube coming from the tanks was a mercury manometer giving the pressure of each of the gases flowing to the mixing flask; and between the mixing flask and the catheter was another manometer registering the pressure in the the lungs. The amount and proportions of the gases and the degree of distention of the lungs were regulated by varying the pressure in each of the systems. The volume of gas flowing to the lungs was about 5000 cc. per minute, insuring adequate ventilation.
The auricles were driven at desired rates by a Lewis rotary stimulator, only break shocks being used, the strength of the shock in every instance being well above the threshold value. This apparatus was connected to small fishhook stimulating electrodes which were inserted near the base of the right auricular appendage. The recording electrodes on the heart, when they were used, were placed about 1 cm. away toward the midcaval region, in line with the stimulating electrodes. In some of the experiments, two galvanometers were used, recording simultaneously on the same film, one for the stimuli, the other for the activity of the heart. Owing to a temporary disarrangement of one of the galvanometers, only one could be used in most of the observations. It was found, however, that this method was quite satisfactory, since by using sufficiently a strong stimulating current, the stimuli were clearly shown on the electrocardiographic record.
Measurements of the P-R interval were made with a Lucas comparator, the average of at least three determinations being taken as the figure for a record.
The figures do not represent true P-R values since the measurements were made from the sharpest points, not necessarily the beginning of the auricular and ventricular complexes. Since the same points were used in measuring the curves of an entire experiment, the absoute figures are comparable, then, in the same but not in different animals. In most instances, the figures for a record fell within 0.003 to 0.005 second in the records taken by lead II; and within 0.002 to 0.003 second in the records taken directly from the auricle.
The degree of anoxemia was ascertained by determination of the oxygen saturation of the arterial blood (van Slyke and Stadie, 1921) , which was obtained from the femoral artery and handled with the usual precautions. At first, the oxygen capacity was determined on every sample. Later, this was not done, for with sufficiently high concentrations of oxygen (50 to 100 per cent) in the gas mixtures, it was assumed (after a few control observations) that the oxygen saturation was 100 per cent.
The usual procedure of an experiment was to give a high oxygen mixture and to record the activity of the heart with the electrocardiograph during various rates of rhythmic stimulation. The time of stimulation was constant before each record was taken. The percentage of oxygen in the gas mixture was then lowered, and after several minutes records were taken at intervals, at approximately the same rates of stimulation that had been used before. Finally, in most cases, the percentage of oxygen was increased to its previous level and a further series of records again obtained. -4 ('4 ('4 ('4 (1) 
RESULTS
The results will be presented in three groups, divided arbitrarily according to the degree of anoxemia, mild (arterial oxygen saturation above 85 per cent), moderate (70 to 85 per cent saturation), severe (oxygen saturation below 70 per cent). 3) during anoxemia showed a slight fall in the P-R values. In the second series (column 4), the auriculo-ventricular conduction time was still further shortened at the lowest rate of stimulation; as the rate of stimulation rose, however, the P-R interval increased to the normal level, and at the rate of 353 per minute, conduction defects 9 :g were definite; there were dropped ventricular beats. On return to the normal oxygen saturation, the figures tended to approach the normal again. In this animal anoxemia was again produced, this time bringing about only the stage of quickened conduction. Again, with the establishment of high arterial oxygen saturation, the figures became normal. In figure 3 , the results of this experiment are shown graphically.
I am unable to account for the fact that in the first period of anoxemia, the stage of impaired conduction was brought aboutin slightly less than one-half hour; whereas later the same degree of anoxemia called forth only the initial stage of quickened conduction after one hour. The conditions of the experiment were apparently unchanged. (table  9) . Here, a very marked grade of anoxemia produced from the first increased P-R intervals. These defects were markedly exaggerated during the rapid rates of beating, especially after the anoxic state had persisted for a time, still relatively short. It is interesting that after return to normal oxygen saturation of the arterial blood, two series of records showed practically no recovery. Figure 4 is a chart of this experiment, and it illustrates well the steepness of the curve of P-R intervals during severe anoxemia, and the failure of recovery after administration of a high oxygen mixture.
In experiment 1-9 (table 10), marked anoxemia was produced and maintained until the death of the animal ensued. At frequent intervals, the auricles were driven at a rate of approximately 220 per minute. Here, again, there was first a fall, later a rise in the P-R interval.
To sum up the data of this group of experiments: practically the same events took place as had been observed when animals were subjected to moderate grades of anoxemia, the changes, however, The determinations were made in the following order: The chart shows the effect of severe anoxemia on auriculo-ventricular conduction. The stage of impaired conduction appears early, the impairment being exaggerated at the higher rates of stimulation. The failure of immediate recovery is also well iustrated, the P-R values being almost identical, after one-half hour of normal arterial oxygen saturation, with the values obtained during the anoxic period.
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ANOXEMIA ON A-V CONDUCTION tending to be more marked and to appear more rapidly. In these experiments, too, there was evidence that recovery may be slow after the re-establishment of normal oxygen saturation of the arterial blood. 
DISCUSSION
It is clear that several factors are of importance in determining the effect of anoxemia on auriculo-ventricular conduction. These are the severity and duration of the anoxemia, the rate at which the heart beats and the condition of the animal. In general, anoxemia produces first a decrease, and later an increase of the P-R interval, the latter being favored by severe anoxemia of long duration, by a rapid cardiac rate, and by detenoration of the general condition of the animal, from one cause or another. I have not investigated the influence of alterations of blood pressure. However, Mathison (1910-11) has shown that variations in blood pressure exert no direct effect on the occurrence of heart block in 110 asphyxia, but that an originally high pressure causes auriculo-ventricular block to appear earlier. This result he ascribed to the more vigorous action of the heart and the more rapid exhaustion of the available oxygen supply. This would also appear to be the explanation for the exaggerated effect of anoxemia at high rates of stimulation, for under these conditions the work of the heart is increased. It is conceivable that the increases in conduction time at gradually advancing rates of stimulation even during normal arterial oxygen saturation may be explained on the same basis. Barcroft, Bock and Roughton (1921-22) found that in a clinical case of paroxysmal tachycardia there was a striking diminution of the circulatory minute volume associated with an anoxemia of the stagnant type. Since the mean arterial pressure was only slightly decreased, the result of the tachycardia in this case was to increase the work of the heart, at the same time decreasing the total blood supply, and, presumably diminishing the oxygen supply to the heart, to some extent at least. If the lengthening of the P-R interval at increasing cardiac rates is due, however, to a gradually diminishing oxygen supply to the heart, one should be able to find in a series of records taken at different rates a stage in which the conduction time is shorter than it is at still lower rates, since the first effect of anoxemia is to quicken conduction. Thisphenomenon is not apparentin any of my experiments;
that is to say, there has not been an instance in which the P-R interval shortened definitely on increasing the rate of stimulation. The absence of a stage of quickened conduction does not prove, however, that it does not exist, for owing to the fact that the initial rates of beating were relatively high on account of the removal of vagal tone, rates which were slow enough to show such a condition may not have been obtained.
The cause of impairment of auriculo-'ventricular conduction in the later stages of anoxemia is definite: it is due to a direct influence on the heart muscle produced by oxygen lack, whatever may be the fundamental mechanism by which such a lack of oxygen exerts its effects. Concerning the cause of the initial quickening of auriculoventricular conduction, there may be some question. Vagal influence may be dismissed as a factor in the production of this change in these experiments. However, one must consider the possibility of stimulailll ANOXEMIA ON A-V CONDUCTION tion of the sympathetic nerves, for such an action is known to hasten auriculo-ventricular conduction.. There is a certain amount of contradictory evidence concerning the role of the sympathetics in the changes in the heart caused by asphyxia, the effect being judged by alteration in the rate of the heart. Although there is some evidence indicating that the sympathetic nerves may be stimulated during asphyxial or anoxic states, there is other evidence demonstrating that an increase in heart rate may occur, when there is no possibility of sympathetic stimulation. Thus, Greene, Payne, and Siddle (1925) have found, in animals in which the vagus and sympathetic nerves to the heart have been cut, and in which the adrenals have been removed, that although with progressive anoxemia an increase in heart rate does not usually take place, a rise may at times occur. Moreover, Mathison (1910) has shown that in the spinal animal cardiac acceleration ensues during asphyxia even after the removal of the upper part of the cord, from which the cardiac accelerator nerves arise.
In the experiments which I performed, the following data favor the view that the decrease in the P-R interval during anoxemia was not entirely due to sympatheti-c stimulation.
(1) The decrease of the P-R interval was not associated with those alterations of the electrocardiogram (when Lead II was used) which have been described by Rothberger and Winterberg (1910) . (2) In order to obtain more definite information, I removed in one animal both stellate ganglia, in addition to tying the vagus nerves and administering full doses of atropine. In this animal, as in the others, a decrease in the P-R interval followed the administration of low oxygen mixtures.
The shorterning of conduction time was definite, pointing to the conclusion that the change is due to a direct effect on the myocardium.
In view of the work of Hilton and Eichholtz (1925) , it is not altogether surprising that a fairly severe and prolonged anoxemia was necessary to bring out the stage of impaired conduction. On subjecting heart-lung preparations of dogs to marked grades of anoxic anoxemia, they found that coincident with the loweringof oxygen tension of the blood, dilatation of the coronary vessels took place, so that the blood supply to the heart was increased. This augmented blood supply was usually able to compensate for the diminished amount 112 of oxygen available from each unit of blood to such an extent that the oxygen consumption of the heart remained normal. In some instances, however, there was evidence of an oxygen debt, that is to say, the oxygen requirements of the heart could not be fully met. At least one other factor besides the dilatation of the coronary vessels is of importance in compensating for a diminished arterial oxygen tension. The increased hydrogen ion concentration of the blood which was probably present, shifts the oxygen dissociation curve considerably to the right, the result being that at low tensions of oxygen (as would be present in the tissues) a liberation of oxygen that is greater than normal occurs.4
It must be remembered that while the circumstances which called forth impaired auriculo-ventricular conduction were severe, and are hardly ever encountered clinically, these observations were made on animals with normal hearts. These experiments show, indeed, that the normal myocardium can be subjected to a degree of anoxemia such as one ordinarily sees clinically, for a short period of time at least, without conspicuous change of conduction from auricles to ventricles.
On the other hand, it is not unreasonable to assume that under anoxemia a heart which is already damaged or which, in addition to anoxemia, is laboring under some other strain such as a bacterial infection, may exhibit relatively early disturbances of function which appear late in a normal heart. This view is given some support by the results obtained in experiment 16, in which, because there had been a severe hemorrhage, conduction defects appeared after a short period of anoxemia, without the stage of quickened conduction being detected. Additional clinical evidence is afforded by the clinical cases of "asphyxial" block, in which varying degrees of impairment of auriculo-ventricular conduction are present in myocardial failure, the conduction defects disappearing with improvement of the circulatory condition. 2. The effect of anoxemia on conduction is influenced by the degree of anoxemia, the length of time in which the heart is subjected to anoxemia, by the rate at which the heart beats, and by the general condition of the animal. There are undoubtedly other factors of importance which I have not investigated.
3. The appearance of the stage of impaired conduction is favored by the severer grades of anoxemia, acting over a long period of time, 114
